This article examines the decoherence of a macroscopic body using a simple model of the environment and following the evolution of the pure state for the whole system. We found that decoherence occurs for very general initial conditions and were able to confirm a number of widely accepted features of the process.
INTRODUCTION
There is growing interest in decoherence, particularly as it promises to deepen our understanding of the macroscopic world in terms of quantum principles [1] . If we suppose that B is a macroscopic body (say a point particle with a very large mass M and position coordinate at the centre of mass) interacting with an environment E, we know from a host of examples that if we start with a factorized state of the two systems, the environment state vectors associated with the body's distinct positions (at least macroscopically) rapidly become orthogonal to each other, irrespective of the initial conditions. The spatial correlations of B, whose reduced density matrix becomes diagonal on a position basis, are suppressed by decoherence. Thanks to this apparent collapse due to interaction with the environment, we see the classic characteristics of the macroscopic world emerge. During the above mentioned process temporal evolution also affects body B. In a number of examples, however (some in a seminal paper by Joos and Zeh [2]), wave packet spreading is ignored. This is justified both by the speed of the decoherence process and because mass M is large. We will adopt this approximation by formally ignoring the term of the body's kinetic energy in the total Hamiltonian. This is rigorous with the limiting condition that M is infinite. Realistic sources of decoherence are described in the literature on the subject, such as scattering [2, 3, 4] and quantum gravity [5, 6] but the focus is generally on useful and practical models such as the so-called Caldeira-Leggett environment [7] , which in any case reflects certain physical situations. Omnes [8] recently put forward a general theory of the decoherence effect encompassing both CaldeiraLeggett's harmonic model and the external environment considered by Joos and Zeh [2], as well as being related to the quantum state diffusion model [9] . In the applications mentioned, the usual approach is to study the temporal evolution of the reduced density matrix we are interested in, which obeys an irreversible master equation [10] . Resorting to this technique is almost inevitable as the overall system has many (or infinite) degrees of freedom. However, in my opinion at least, it would be useful to propose a further example of decoherence within the framework of an environment model using Schrodinger evolution of the initial pure state. Since the seminal paper by H. D. Zeh, published in the very first issue of Foundations of Physics [11] , our understanding of the decoherence process has gradually shifted from qualitative to quantitative. Our aim is to use pure state evolution to obtain analytical results independent of a particular master equation. While there will be no ground breaking results, a new example could provide a further confirmation of our convictions, as well as offering a number of points worthy of consideration. This means the paper is didactic to a certain degree, but also represents a small step forward in our understanding of the decoherence process in quantitative terms.
THE MODEL FOR THE ENVIRONMENT
The example we will discuss concerns a one dimensional system in which the external environment is represented by n identical particles with x axis co-ordinates x1 x2, ... , Xn. The macroscopic body's position is indicated by X. The Hamiltonian for the environment is based on the Hepp-Coleman [12] model, which appeared some time ago and was also discussed by Bell [13] . It was used to discuss the problem of measurement in terms of apparent collapse. (It was actually adopted to describe the system to observe, whereas here it will be used to describe the environment which acts as observer). The model considers the particle's kinetic energy as proportional to its momentum rather than as given by the customary quadratic term. The wave packet of a free particle of this sort moves along the axis in a single direction without changing form. Our Hamiltonian for the
